It is shown that 21 monolayers of Manganese films grown on Cu 3 Au(100) at room temperature have an uncompensated layered antiferromagnetic structure that show a deviation from this configuration due to structural imperfections. In some areas of the film a p(2 © 2) magnetic super-structure was observed on the surface.
Introduction
Apart from having different complex phases in the bulk, 1) Mn also possesses the largest atomic magnetic moment among the 3d metals (about 5® B ). Its magnetic properties have thus attracted a lot of attention in recent years especially with the advent of modern deposition techniques whereby different structural phases could be stabilized by epitaxy on well-chosen substrates. The stable bulk phase at temperatures up to 1000 K is the complex cubic ¡-Mn which has 58 atoms per unit cell 2) and shows antiferromagnetism below its Néel temperature of 95 K.
3) Between 1000 and 1370 K cubic ¢-Mn with 20 atoms per unit cell is the stable phase. Face centered cubic (fcc) £-Mn exists between 1370 and 1410 K while body centered cubic (bcc) ¤-Mn exists between 1410 and the melting point 1518 K. 4) Due to these high temperatures it is extremely difficult to characterize bulk Mn materials with the above structures. By choosing an appropriate substrate, different structural phases of Mn can be stabilized at room temperature by epitaxy. On Fe(001), Mn stabilizes in a body centered tetragonal (bct) structure assuming the in-plane lattice constant of the Fe(001) substrate (a = b = 2.866 ¡) and an out-of-plane lattice constant of c = 3.228 ¡.
5) Manganese films grown on the Cu 3 Au(100) surface at room temperature (RT) assume the well-defined £-phase. 6, 7) In a recent study, Lin et al. 8) show that significant exchange bias is observed in Fe/RT-Mn bilayers on Cu 3 Au(100) indicating antiferromagnetism in Mn/Cu 3 Au(100) with a Néel temperature well above RT. Thus the observation of its magnetic structure with RT spin polarized scanning tunneling microscopy (Sp-STM) should be possible. In this report we use Sp-STM to reveal that 21 monolayers (ML) Mn on Cu 3 Au(100) shows uncompensated layered antiferromagnetic order.
Experimental Procedure
The experiments were carried out in an ultrahigh vacuum (UHV) chamber (base pressure less than 2 © 10 ¹10 mbar) equipped with an Auger electron spectrometer, a low energy electron diffraction (LEED) system and a room temperature spin-polarized scanning tunneling microscope (Sp-STM). The Cu 3 Au(100) single crystal was cleaned by several Ar + bombardment and annealing cycles until a well ordered c(2 © 2) superstructure, characteristic of the Cu 3 Au(100) surface, was observed in the LEED pattern.
7) The cleanliness was also checked by Auger electron spectroscopy (AES). The Sp-STM used in our experiments operates in the differential magnetic mode. 9, 10) In this mode the in-plane component of the sample spin polarization can be measured simultaneously with the topography of the surface. This is achieved by using a disc-shaped tip with a coil wound around it such that its magnetization can be switched periodically between two stable states by applying a high frequency alternating current through the coil.
11) The Mn films were deposited at room temperature by electron beam evaporation from Mn flakes held in a Molybdenum crucible while the pressure in the chamber stayed well below 5 © 10 ¹10 mbar. The film growth was monitored by medium energy electron diffraction (MEED). The deposition rate was approximately 0.5 ML per minute as determined from the periodicity of the MEED oscillations. Figure 1 shows the MEED intensity oscillations for 21 ML Mn on Cu 3 Au(100). The periodic oscillations of the specular beam intensity signify layer-by-layer growth. In this case the oscillations persist up to 9 ML after which there is a monotonic increase in the intensity, implying a possible change of growth mode from layer-by-layer to step flow mode.
Results and Discussion

Growth and morphology
8)
The constant current topography of the grown film is shown in Fig. 2(a) . The surface shows a tartan pattern consisting of lines in the [100] and [010] directions. Such a dislocation network has also been reported for Fe films grown on Cu 3 Au(100).
12) The pattern results from defects induced during the structural transition. For smaller film thickness the Mn grows assuming the structure of the Cu 3 Au(100) substrate. At larger thickness, due to the lattice mismatch between face centered tetragonal Mn (a = 3.796 ¡, c = 3.59 ¡) 13) and Cu 3 Au(100) (a = 3.75 ¡) 14) the Mn film undergoes a tetragonal distortion in the direction of the surface normal. This induces an in-plane relaxation that causes the formation of the dislocation pattern on the surface. 8) 
Magnetic order
Shown in Fig. 2(b) is the corresponding spin signal of the topography in (a). Using line scans we can determine the relative height between layers in terms of monatomic height in the topography. The average line profile taken along the rectangle in Fig. 2(a) is shown in (c). The relative height difference between the layers in the topography is indicated on the figure. It is approximately 3 atomic layers (if we consider the single layer height as 1.8 ¡). 8) In the spin image shown in Fig. 2(b) , a contrast is observed between Mn planes three monolayers apart i.e. between even and odd layers. This agrees with a layerwise antiferromagnetic order within this region of the film. Large contrasts are also observed around the step edges of the Mn film in the spin signal. This artifact induced by the STM operation is not of magnetic origin but is caused by nonperpendicular tunneling between the tip and the sample at the high step edge or may be due to the finite response time of the STM feedback loop.
For an ideal layerwise antiferromagnet, the spin signal should alternate between even and odd layers, indicating a reversal of the magnetic moments. In our experiments for 21 ML Mn/Cu 3 Au(100), this was not always the case, as a deviation from the ideal layerwise antiferromagnetic order was observed in some cases. In the situation depicted in Fig. 3 , a contrast is observed on Mn planes separated by an even number of layers as seen in the regions marked n + 3 and n + 5 in the lower part of Fig. 3(b) , or no contrast between layers separated by one ML as in the regions marked n + 3 and n + 4 around the middle of the same figure. The separation between Mn atomic planes is indicated by the numbers on the figures (the layer separation was obtained from line scans in a similar way as in Fig. 2) . One also observes a contrast in some areas where the layer height is the same, as in the regions marked n + 3 in the upper part of Fig. 3(b) . The above observations suggest that there exists an antiferromagnetic domain boundary within the film as indicated by the black line in the image. Such domains may result from the coalescence of islands of different heights as the film grows thicker. The scenario is depicted schematically in Fig. 3(c) , where the arrows indicate the direction of magnetization within the different Mn layers and the domain boundary is in the middle. In the initial growth stage of the film at room temperature, there is an absence of long range magnetic order since the Néel temperature is lower than the growth temperature. As the film grows thicker its Néel temperature increases above the growth temperature and the film undergoes a transition to the antiferromagnetic state. During this transition stage there is the tendency to form antiferromagnetic domains within the film. The deviation from the ideal layerwise antiferromagnetic order may also result from local anisotropies due to the surface topography. This might come from the dislocation pattern which forms as a consequence of the tetragonal distortion during the fcc to fct phase transition. In the case for Mn grown on Fe(001) whisker substrates 15) with the unidirectional magnetic anisotropy provided by the underlying iron whisker, only two intensities are detected in the spin signal representing two unique in-plane orientations of the Mn magnetization (parallel or antiparallel to the Fe direction). For Mn on Cu 3 Au(100), however, there should exist four unique in-plane orientations of the Mn local magnetic moments owing to the four-fold cubic symmetry of the Cu 3 Au(100) surface. Since our SP-STM is sensitive to the projection of the sample surface spin polarization onto the tip magnetization axis, one should observe four different contrasts in the spin image representing two degenerate domains of the topological antiferromagnetic order with orientations perpendicular to each other. 16, 17) In the experiment, the magnetization direction of the ring electrode is well-defined i.e. tangential to the periphery of the ring and in the [100] direction of the substrate, indicated by the arrow M R in Fig. 2(b) and Fig. 3(b) . Only two contrast levels were observed in the spin images in the experiments as seen in Fig. 2(b) and Fig. 3(b) . This implies that either the magnetization direction of the ring was aligned with a 45°angle to the magnetization axis in the domains of the film, or the areas scanned were not large enough to reveal the two orthogonal domains of topological antiferromagnetic order. The latter can be eliminated, as large area scans (not shown) of the surface gave the same results. Thus it is more likely that the magnetization direction of the ring is 45°oriented with respect to the spin direction of the antiferromagnetic domains.
A closer look at the surface of the Mn films reveal that on some terraces the Mn atoms arrange in a p(2 © 2) superstructure. The super-structure is more obvious in the spin image than in the topographic STM images (Fig. 4(a) and (b)). In Fig. 4(c) and (d) the super-structure is shown in more detail, with the p(2 © 2) unit cell indicated by the square. From theoretical analyses 18, 19) of the magnetic structures of Mn at (001) surfaces, it was found that there is only a tiny energy difference between the c(2 © 2) compensated and p(2 © 2) uncompensated magnetic configurations, with the c(2 © 2) being the most stable configuration. However, surface relaxations and/or reconstructions as well as structural imperfections might overcome this energy difference between the two configurations such that the p(2 © 2) uncompensated magnetic structure becomes the more stable configuration. In our case the structural imperfections come from the surface relaxations that occur during the formation of the dislocation patterns observed on the surface. The p(2 © 2) structure was observed only on some terraces which means the system was not fully relaxed and it is believed that the p(2 © 2) magnetic configuration will be the stable configuration for fully relaxed Mn films on Cu 3 Au(100). This could not be observed in our experiments as thicker films have much rougher surfaces which make atomic scale observations difficult. This magnetic configuration could also arise from the tetragonal distortion induced by the slight lattice mismatch between the substrate and the Mn film during the fcc to fct transition for thicker films. 19, 20) 
Summary
Using a spin-polarized scanning tunneling microscope it is shown that Mn grown on the Cu 3 Au(100) surface has a layered antiferromagnetic structure. The surface topography shows local dislocation networks that result from the slight lattice mismatch between the substrate and the film. Atomic resolution images of the surface reveal a p(2 © 2) magnetic configuration on some terraces which may arise due to the lattice mismatch and the dislocation networks on the surface.
